arrangement and rearrangement that take place numerous times in neural and nonneural tissues during embryonic development. Cadherins comprise a large family and one of the best characterized subclasses is N-cadherin, which is distributed broadly in the early embryonic
2ϩ
-dependent homophilic cell-cell adhesion molethe protocadherins' adhesion activity appears to require cules (reviewed by Takeichi, 1995) . Cadherins' intracelunknown intracellular cofactors other than catenins lular domains interact with cytoplasmic molecules, i.e., (Bradley et al., 1998) . ␣-and ␤-catenins, and this multiprotein complex forma-A Novel Nonclassic-Type Subfamily, CNR tion is essential for the cadherins to exert their cell-cell
The classic cadherin is no longer the only synaptic memadhesion activity. Integral membrane or membranebrane protein in the superfamily. Kohmura et al. (1998) anchored proteins of the other subfamily, the nonclassic recently found a novel nonclassic-type subfamily that type, do not interact with catenins.
Classic cadherins are required not only for maintethey designated CNR (cadherin-related neuronal receptor). They had been studying Fyn, a nonreceptor-type nance of solid tissues, but also for dynamic cellular patterns of mRNA-producing cells, although Kohmura et al. were able to visualize cell-by-cell differences through double labeling. Future experiments may clarify the significance of such microscopic differences and whether combinations of multiple CNR subclasses create recognition or adhesive codes to build local interneuronal circuits.
Involvement of Classic Cadherins in Long-Term Potentiation
In addition to developmental roles in the wiring between neurons, cell adhesion molecules of some families have been shown to participate in certain forms of activitydependent changes in the strength of synaptic connections (for example, see Lü thi et al., 1994) . Memories are believed to result from changes in synaptic strength and one of the central challenges of neuroscience is to understand the mechanism of synaptic plasticity. The hippocampus is a brain structure that is thought to be frequency stimulation of a particular nerve pathway. Functional inhibition of adhesion molecules of some families such as the immunogloblin superfamily reduces tyrosine protein kinase of the Src family, with a focus LTP in the hippocampus slice, the standard preparation on its molecular function in building neuronal networks to study cellular mechanisms of LTP, although how and modulating behavior. With the expectation of disthose molecules are involved in LTP remains obscure. covering transmembrane receptors coupled to Fyn sigTang et al. have investigated whether classic cadherins naling, they searched for molecules that associate with participate in LTP using the slice system (Tang et al., the Fyn noncatalytic domain and thereby identified 1998). CNR1 ( Figure 1 ). CNR constitutes a new multigene famIn the hippocampus slice, synaptic strength is meaily, and the amino acid sequences of the eight protein sured in postsynaptic neurons in the CA1 region where subclasses reported are strikingly similar to each other, N-and E-cadherins colocalize with synaptic markers. suggesting that all the subclasses interact with Fyn.
Tang et al. employed two classes of blockers. First, the CNR1 is localized at the synapse in the postnatal neoslices were preincubated with antibodies that bind to cortex, as was demonstrated by an immunogold labeling extracellular domains, and then LTP magnitude was technique using an antibody to an extracellular epitope. compared with that of controls (adjacent slices that were As data on RNA in situ hybridization showed that each treated with antibodies against the cytoplasmic doneuron expresses a distinct set of CNR genes, proteins mains). The former antibodies significantly reduced the of multiple subclasses seem to coexist in a single premagnitude, whereas basal synaptic transmission did not or postsynaptic cell. appear to be damaged as judged by several different What is the biological relevance of the CNR-Fyn comparameters. Blockers of another class were peptides plex formation and what does CNR exactly do? Kohmura containing HAV sequences (HAV peptides). The tripepet al. have raised intriguing (but speculative) possibilities tide HAV is present in the EC1 of several cadherin subfor its molecular functions. Fyn is crucial for determining classes, and the HAV peptides were suggested to intervarious behaviors in mice; for example, Fyn affects befere with cadherin-dependent intercellular adhesion. havioral and physiological responses to ethanol through Introduction of the peptides attenuated LTP induction; tyrosine-phosphorylation of the NMDA receptor ⑀2 subon the other hand, the peptides had no effect on preunit (Miyakawa et al., 1997) . CNR on the postsynaptic viously established LTP. Tang et al. concluded that the membrane could convey diverse extracellular signals antibodies and the peptides perturbed induction of synand may modulate the enzymatic activity of an associaptic plasticity without destroying cell adhesion in genated Fyn, leading to regulation of NMDA receptor funceral. Mechanistically, the cadherin-cadherin bond might tion. They also speculated that CNR proteins play ancontribute to the LTP induction through increasing the other role as recognition and adhesion molecules to area of synaptic contacts, but it is equally possible that build specific synaptic connections, which is reministhe cadherin plays a role through coupling to unknown cent of the working hypothesis of the role of classic intracellular signaling pathways without such structural cadherins. However, it should be noted that differences reorganization at the synapse. in spatial expression patterns among CNR subclasses To corroborate the above findings and pursue how are remarkably subtle, compared with those among the the cadherin activity influences LTP, further characterclassic-type molecules. In every layer studied within the ization of the blockers may be necessary. The N-cadolfactory bulb, in situ hybridization with probes specific herin antibody used in this study was raised against chick N-cadherin, but it remains to be studied to what for individual subclass genes gave superficially identical , 1997) . Curiously, several versions of HAV peptides exhibit certain biological activities, the cadherin may not be the sole and direct its extracellular portion appears to be cleaved at a position proximal to the transmembrane segment; nonethetarget of such peptides. Nevertheless, the Tang et al. paper implicates cadherins in synaptic plasticity, and less, two polypeptides generated associate with each other. Posttranslational processing of this kind might may be expected to trigger a new line of research linking this family of adhesion molecules with synaptic function.
be one way to confer a three-dimensional conformation appropriate for its molecular function and might hold Functionally Active Three-Dimensional Conformation The tripeptide HAV and its flanking amino acid residues true for the other giant molecules of invertebrates and vertebrates. Which of the 15 ECs of DN-cadherin particiin EC1 were originally found to govern binding specificity of E-and P-cadherins, and this strongly suggests that pates in the adhesive binding is still an open question. In sum, the cadherin superfamily is expanding, stereo EC1 is involved in homophilic adhesive interactions. Two groups have solved crystal structures of EC1 and/or views of molecules are becoming more divergent, and overall, this family is being found to perform more, pretwo-domain EC1-EC2 fragments of classic cadherins (Shapiro et al., 1995; Nagar et al., 1996; Tamura et al., viously unrecognized missions at intercellular junctions. 1998), and two forms of EC1 dimers of N-cadherin have Selected Reading attracted attention: the strand dimer and the adhesion dimer ( Figure 2A ). The adhesion dimer was named after Arndt, K., Nakagawa, S., Takeichi, M., and Redies, C. (1998) . Mol.
an anti-parallel alignment of protomers from opposing Cell. Neurosci. 10, [211] [212] [213] [214] [215] [216] [217] [218] [219] [220] [221] [222] [223] [224] [225] [226] [227] [228] cell surfaces, whereas the strand dimer is made by latBradley, R.S., Espeseth, A., and Kintner, C. (1998 325-334. adhesion ability is completely abolished by mutating Colman, D.R. (1997) . Mol. Cell. Neurosci. 10, [1] [2] [3] [4] [5] [6] residues located in the strand dimer interface (Tamura Inoue, A. and Sanes, J. (1997) . Science 276, 1428 Science 276, -1431 Science 276, . et al., 1998 . To explain the molecular basis for cadherinInoue, T., Tanaka, T., Suzuki, S.C., and Takeichi, M. (1998) . Dev. mediated strong adhesiveness, they discussed the cis Dynamics 211, [338] [339] [340] [341] [342] [343] [344] [345] [346] [347] [348] [349] [350] [351] dimerization model in which a monomeric form may be Iwai, Y., Usui, T., Hirano, S., Steward, R., Takeichi, M., and Uemura, inactive for cell adhesion and the cis dimerization may T. (1997) . Neuron 19, [77] [78] [79] [80] [81] [82] [83] [84] [85] [86] [87] [88] [89] be a key regulatory step to produce an active conformaKohmura, N., Senzaki, K., Hamada, S., Kai, N., Yasuda, R., Watation ( Figure 2A by electron microscopy, which suggested that cis pair- (1994) . Nature 372, [777] [778] [779] ing of EC1 takes place first, followed by trans interaction, Mahoney, P.A., Weber, U., Onofrechuk, P., Biessman, H., Bryant, and that none of the other four ECs are involved in this P.J., and Goodman, C.S. (1991) . Cell 67, [853] [854] [855] [856] [857] [858] [859] [860] [861] [862] [863] [864] [865] [866] [867] [868] two-step binding (Tomschy et al., 1996) . It should be Miyakawa, T., Yagi, T., Kitazawa, H., Yasuda, M., Kawai, N., Tsuboi, stressed that not only lateral interaction of EC1, but also K., and Niki, H. (1997) . Science 278, [698] [699] [700] [701] cytoplasmic clustering contributes to the strengthening Nagar, B., Overduin, M., Ikura, M., and Rini, J.M. (1996) . Nature 380, of adhesion (Yap et al., 1998 , and references therein). 360-364. Compared to the classic cadherins, CNR and protoRiehl, R., Johnson, K., Bradley, R., Grunwald, G.B., Cornel, E., Lifencadherin have extra copies of EC and some of the other baum, A., and Holt, C.E. (1996) . Neuron 17, [837] [838] [839] [840] [841] [842] [843] [844] [845] [846] [847] [848] members of the superfamily are of an enormous size Sano, K., Tanihara, H., Heimark, R.L., Obata, S., Davidson, M., St.
( Figure 2B ; for example, see Mahoney et al., 1991) . Is John, T., Taketani, S., and Suzuki, S. (1993) . EMBO J. 12, 2249 EMBO J. 12, -2256 molecules with so many tandem ECs folded and crammed
